Introduction
The Cassini spacecraft (see fig. 1 ) was developed at the Jet Propulsion Laboratory (JPL) and its suppliers for the National Aeronautics and Space Administration (NASA) to explore the planet Saturn, its rings, and its moons. The electric power sources for the Cassini mission are three critical Radioisotope Thermoelectric Generators (RTGs). The RTG design was previously vibration qualified for the Galileo and Ulysses missions. After extensive analysis of available Titan IV acoustic flight data, JPL analysts predicted that Cassini's RTG vibration responses to its acoustic environment would exceed the test qualified limits of the RTG design, due primarily to RTG mounting, launch vehicle and spacecraft differences.
To avoid an extremely costly requalification (estimated at $30 Million) of the RTGs, a major blanket development and test effort was initiated and funded by NASA Glenn. Acoustic blankets are used in the PLF of expendable launch vehicles (ELVs) to reduce the interior acoustics and the subsequent vibration response of the spacecraft and its components.
The new blankets that were developed and tested resulted in a lower and acceptable acoustic and vibration environment for the Cassini RTGs. 
Acoustic Test Program Overview
Acoustic blanket design technology for aerospace has seen little development in the past 25 years. To meet the needs of the Cassini mission it was necessary to develop advanced blanket technology. The blanket had to reduce the acoustic field significantly in the difficult frequency range of 200 to 250 Hz. Typically, acoustic blankets are most effective at 400 Hz and above.
The goal was to reduce the acoustic environment for Cassini's RTGs by 3 A total of 19 different blankets (18 new designs and the Titan IV baseline) were tested. Each blanket tested was an 8-by 9-ft rectangular sample. All materials utilized had to be already flight qualified.
The noise reduction of the acoustic blankets was investigated in the flat panel testing, by varying the thickness and density of the fiberglass batting, and the density and location of an internal barrier.
Of the 18 new blanket designs, 4 designs appeared to provide the necessary acoustic reduction between 200 to 250 Hz. Two designs, V5 (6-in. thick blanket and a heavy internal barrier) and V10 (5-in. thick blanket with two different batting densities and an even heavier internal barrier), were chosen for Phase 2 testing. The Phase 2 program was designed to measure the delta effect of the acoustic environments using new blankets compared to the baseline. Since the reverberant acoustic field of the test chamber is different from the external progressive acoustic wave during launch, it was felt that delta measurements would be most meaningful as opposed to absolute measurements.
Summary of Full Scale PLF Testing
To properly quantify this delta effect a number of microphones were utilized to measure the PLF interior acoustic field, as shown in figure   3 . A large number of these microphones were located in Zones 9 and 10, which were the region of high interest for the RTGs. Other microphones were located to measure the acoustic field in of the structure by using a perimeter baffle around the HGA. However at 43 Hz, coherence of _2(4,6) = 0.8 shows significant coupling of the two fields. Figure 7 shows zero phase of the cross-spectrum at 43 Hz, indicating the instantaneous pressures across the HGA should be subtracted and the net structural loading reduced. These results have significant implication on future acoustic testing of large antennae and reflectors. Figure 8 shows high coherence between 30 and 250 Hz for internal microphone pair (23, 24) near one of the RTGs. Microphone 24 is located adjacent to the PLF/blanket (6-in. from PLF) and microphone 23 is 18 in. from the PLF. Figure 9 shows close to zero phase between these two frequencies.
Thus, below 250 Hz, the direct progressive acoustic field dominates.
Low coherence below 25 Hz is probably due to electrical noise contribution. Above 250 Hz, low coherence indicates a reverberant field.
A complete summary of the full scale cylindrical PLF testing may be found elsewhere (refs. 2, 4 to 12).
Cassini

Blanket Selection
The technical assessment of the Phase 2 test data is that both the V5 and VI0 barrier blankets had similar LMA analysts calculated I/3 octave band (OB) sound pressure levels (SPL}, in dB, for these microphones.
Liftoff SPL were calculated from the maximum envelopes of 1 sec time averages, with 50 percent overlap, over the 0 to 8 sec duration of the event.
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Flight Data Analysis Prior to launch, the Cassini spacecraft and its hardware were qualified for flight by acoustic and random vibration testing. There were two acoustic specifications in the Cassini Interface Control Document (ICD), one for the spacecraft and another for the RTGs. The ICD specified the maximum predicted P95/50 free-field PLF internal environment ( fig. 11 ). The RTG ICD specification is lower below 500 Hz, due to usage of the improved blankets in the RTG region.
The actual flight acoustic levels did fall below the ICD levels. Microphone 10006, which approached the RTG ICD level at 250Hz, is PLF surface mounted and thus its SPL is higher than the PLF's interior levels. Figure 12 shows the comparison of 3 Cassini PLF interior flight measurements versus preflight predictions (refs. 11 and 14) . The prediction was derived by statistically analyzing 22 measurements from 8 previous Titan IV flights to determine the mean and P95/50 levels for a typical Titan IV flight with the standard SRM (Solid Rocket Motor) and baseline blankets. To get the Cassini predictions, these earlier predictions were adjusted for the SRMU effect (1 dB added) and the expected decrease in SPL resulting from the utilization of V5 blankets (fig. 5 ). The measured flight data (10004, 10005 and 10006 (corrected to an 18-in. free field level)) approximated the predicted mean up to 300 Hz, was lower than the mean between 300 to 1000 Hz and was significantly lower than the predicted mean above 1000 Hz. The difference between the flight and ground test noise reductions is given in figure 15 , indicates that greater noise reduction was obtained in flight below 200 Hz and above 1250 Hz. However it is known that the PLF structure transmits acoustics differently when excited by a reverberant acoustic field (ground test) than when excited by a grazing incidence progressive acoustic field (at liftoff). A flight-to-test chamber efficiency factor derived by standoff from the PLF inner wall, whereas 10006 was a surface mounted microphone (actually mounted on a short 6-in. standoff due to the blanket thickness). In the full-scale Cassini ground test, a similar pair of microphones (23 and 24) was also mounted at standoffs of 18-and 6-in., respectively, at the same PLF station. Figure 16 shows a delta comparison of how "surface" mounted measurements compared with 18-in. standoff measurements in flight versus ground. Below 250 Hz, the SPL measurement near the surface is greater than the free-field SPL measurement. The flight delta follows the ground test delta spectrally within 1 dB below 250 Hz. Above 250 Hz, and the corresponding smaller wavelengths, the delta of the measurements and their comparison becomes more irregular.
High coherence and nearly zero phase below 250 Hz was observed in figures 17 and 18, respectively for flight microphone pair 10005 and 10006. These measurements generally confirm similar data (figs. 8 and 9) obtained during Phase 2 ground testing. This conclusion is reached despite the fact the external acoustic field during ground testing was reverberant, whereas during the flight the field was progressive.
Another comparison between flight and ground test measurements is how the acoustic levels compared above and below the HGA. In the full-scale acoustic ground test, microphone 6 was below and microphone 4 was above the HGA. For the Cassini flight, microphone 10004 was below and 10003 was above the HGA, at the same respective PLF stations as the ground tests microphones. All four microphones were on 18-in. standoffs. The flight measurement pair was at azimuth 0°and the ground test measurement pair was at azimuth 60°, but the effect of this should he small, as the PLF interior acoustics is a reverberant field.
A comparison of the SPL difference between the measurements (below minus above) is shown in figure 19 , for both the fright and ground test measurements. In general, the SPLs below the HGA (cylindrical section) are higher than the levels above the HGA (conical section). Spectrally the shape of the deltas is similar for ground and flight data. However, the ground test delta is typically larger, indicating that more "mixing" occurs in flight between the acoustic volumes above and below the HGA. Flight coherence data, similar to that obtained during Phase 2 acoustic ground testing (see figs. 6 and 7), were also examined. Flight coherence data were obtained using 5-sec time windows to allow for the nonstationarity of the liftoff event. Figure 20 again shows low coherence, except at 50 and 230 Hz. Figure 21 shows nearly zero phase at these latter two frequencies.
Conclusions
Cassini measurements, both on the ground and during launch provided the opportunity to investigate the spacecraft's acoustic field. Extensive testing was performed in a reverberant acoustic full-scale ground test primarily to address the acoustic performance of improved acoustic blankets. These tests verified that the new acoustic blankets met the goal of reducing the PLF interior acoustics in the zones of interest by 3 dB or more at the Cassini critical frequencies of 200 and 250 Hz. The V5 blankets were selected and flew successfully on the Cassini mission.
Due to the improved acoustic blankets, the Cassini's RTGs did not have to be vibration requalified, resulting in $30 Million in savings for NASA and the taxpayers.
The thoroughness and planning involved with the ground test program resulted in excellent results and greatly contributes to the aerospace industry's knowledge of acoustics. The four Cassini flight measurement locations were duplicated in the acoustic ground test. This allowed the SPL generated in flight by a progressive acoustic field to be compared with the SPLs generated on the ground by the reverberant acoustic field. Flight microphones were also chosen to investigate the effect of a large structure (HGA) on the PLF's interior acoustics, and the effect of standoff distance of the microphone from the PLF wall. The delta difference in SPL and the coherence and phase for these pairs of microphones compared very well for flight versus ground and adds to the knowledge base.
In addition, two different methods were used to provide a measure of "improvement" in flight over ground and preflight predictions. This indicated that the PLF interior acoustic levels were lower than expected for the Cassini 
